The bee tribe Anthidiini (Hymenoptera: Megachilidae) is a large, cosmopolitan group of solitary bees that exhibit intriguing nesting behavior. We present the first molecular-based phylogenetic analysis of relationships within Anthidiini using model-based methods and a large, multi-locus dataset (five nuclear genes, 5081 base pairs), as well as a combined analysis using our molecular dataset in conjunction with a previously published morphological matrix. We discuss the evolution of nesting behavior in Anthidiini and the relationship between nesting material and female mandibular morphology. Following an examination of the morphological characters historically used to recognize anthidiine genera, we recommend the use of a molecular-based phylogenetic backbone to define taxonomic groups prior to the assignment of diagnostic morphological characters for these groups. Finally, our results reveal the paraphyly of numerous genera and have significant consequences for anthidiine classification. In order to promote a classification system based on stable, monophyletic clades, we hereby make the following changes to Michener's (2007) classification: The subgenera Afranthidium (Zosteranthidium) Michener and Griswold, 1994, Afranthidium (Branthidium) Pasteels, 1969 and Afranthidium (Immanthidium) Pasteels, 1969 are moved into the genus Pseudoanthidium, thus forming the new combinations Pseudoanthidium (Zosteranthidium), Pseudoanthidium (Branthidium), and Pseudoanthidium (Immanthidium). The genus Neanthidium Pasteels, 1969 is also moved into the genus Pseudoanthidium, thus forming the new combination Pseudoanthidium (Neanthidium).
Introduction
The megachilid tribe Anthidiini (Apoidea, Megachilidae) includes approximately 870 described species (Ascher and Pickering, 2015) and is widely distributed on all continents except Australia, where only one genus is native, and in the Caribbean and Antarctica, where it is absent (Michener, 1979) . They are broad, robust bees and are usually easily distinguished from other megachilids by their dark cuticula and striking yellow, white, or red integumental markings (Michener, 2007) .
Anthidiine bees exhibit fascinating nesting behavior. Some build their nests in preexisting cavities, such as pithy plant stems, empty snail shells, or abandoned insect galleries (Müller et al., 1997; Xambeu, 1896; Ferton, 1911; Fabre, 1891; Grandi, 1934; Pasteels, 1977; Claude-Joseph, 1926) ; others build exposed nests on the surfaces of rocks, trees, or other structures (Gess and Gess, 2007; Ferton, 1901; Pasteels, 1977; Westrich, 1989; Muller, 1931; Müller et al., 1997) ; several lineages excavate their own burrows in soil (O'Brien, 2007; Evans, 1993; Micheli, 1935; Maneval, 1936; Pasteels, 1977; Müller et al., 1997) . The French naturalist, Jean-Henri Fabre, described the ''resinous putty" and ''felted cotton" typical of anthidiine nests (Fabre, 1914 ). Fabre's descriptions highlight an intriguing aspect of their nesting biology: unlike members of the megachilid tribes Osmiini and Megachilini, whose primary nest-building materials may include leaf pieces, mud, pebbles, resin, flower petals, and masticated leaf pulp, the preferred materia prima of Anthidiini is almost exclusively limited to one of two principal sources: plant resins and plant fibers. These materials may be supplemented with pebbles, leaf strips, grains of sand, animal fur, snail shell fragments and bits of bark or other debris (Michener, 2007) .
Fabre was among the first to classify Anthidiini into two broad groups based on primary nest-building material (Fabre, 1891) . He recognized les résiniers, those anthidiines that use plant resins to build their nest cells, as a separate group from les cotonniers, or those anthidiines that use plant fibers to build their nest cells. Michener's (2007) suprageneric classification also divided Anthidiini into two groups: Series A includes 23 non-parasitic genera in which females have three or four rounded or blunt mandibular teeth separated by shallow concavities, while Series B includes eight genera with five or more sharp teeth separated by acute V-shaped notches. While Michener's groups are based on mandibular dentition and Fabre's groups are based on nesting behavior, Michener's Series A coincides with les résiniers of Fabre and his Series B coincides with les cotonniers of Fabre, implying a relationship between female mandibular dentition and choice of nesting material (Perez, 1879 (Perez, , 1889 Pasteels, 1977) .
The conspicuous morphological diversity of anthidiine bees has inspired multiple classification systems, with some authors preferring to divide the tribe into many small genera and other authors preferring fewer, much larger, genera. Pasteels ' (1969) classification of Old World Anthidiini includes 47 genera and Urban and Moure's (2012) classification of neotropical Anthidiini includes 39 genera. While the genera presented by Michener (2007) are more inclusive than those of either Pasteels (1969) or Urban and Moure (2012) , he also favors a system of multiple, small genera: his 2007 classification divides worldwide Anthidiini into 37 genera.
In contrast, Warncke's (1980) classification of western Palaearctic anthidiines recognizes only two genera: Anthidium, which encompasses all non-parasitic anthidiines, and Stelis, which includes the parasitic anthidiines (for comparison, Michener's (2007) classification recognizes nine non-parasitic western Palaearctic genera). Warncke (1980) justified his classification, noting that ''Anthidium differs in many groups but no group has developed a new characteristic. It seems not right to split it [the genus Anthidium] in many genera (for example Pasteels, 1969) ." Michener (2007) objects, arguing that Warncke's system groups together very different forms into what is likely a paraphyletic group.
Despite the fascinating natural history of Anthidiini and the general lack of consensus regarding the assignment of anthidiine species to genera, there has been no treatment of the phylogenetic relationships among worldwide lineages of anthidiine bees and the evolutionary history of the tribe remains largely unknown. The only existing cladistic analysis of Anthidiini was presented by Müller (1996) ; it included only non-cleptoparasitic western Palaearctic anthidiines, however, making it difficult to assess relationships on a world-wide basis. In this paper we reconstruct the evolutionary history of the tribe Anthidiini using modelbased methods and a large, multi-locus dataset, as well as a combined dataset consisting of both molecular and morphological characters. We offer the first molecular-based phylogenetic hypothesis of relationships within the tribe and discuss the impact of our results on anthidiine classification. We also examine the utility of morphological characters historically used to recognize taxa. Finally, we propose a generic-level revision of Anthidiini.
Materials and methods

Taxon sampling
For molecular analyses, we sampled extensively within the tribe Anthidiini, choosing 123 representative species from 28 genera ( Table 1) . We chose 38 outgroup taxa representing all other megachilid tribes, as well as all other families of bees. Collection localities and DNA voucher numbers are listed in Table 1 . Voucher specimens are deposited in the Cornell University Insect Collection, in the collection at the USDA-ARS Bee Biology and Systematics Laboratory at Utah State University, and in the Litman-Praz insect collection in Neuchâtel, Switzerland.
For combined molecular-morphological analyses, we used our molecular dataset together with a subset of the taxa present in the megachilid morphological matrix published by Gonzalez et al. (2012) . We used all of the anthidiines included by Gonzalez et al. (2012) (27 genera in total), as well as 26 of their outgroup genera that overlapped with the outgroup taxa present in our molecular dataset. A total of 53 taxa were thus represented by morphological data in our combined analyses. In cases where a subgenus in the morphological matrix was represented by a different species than the species for the same subgenus in the molecular matrix, we created a chimeric taxon labeled to subgenus. Use of the morphological dataset allowed us to include four anthidiine genera for which fresh specimens for molecular analyses were unavailable: Gnathanthidium, Anthidioma, Indanthidium and Xenostelis. The ingroup for our combined analysis thus includes 32 genera, or 89% of generic-level diversity for the tribe.
Dataset and alignment
We sequenced a total of 5081 base pairs from four nuclear protein-coding genes (CAD, 879 base pairs; NAK, 1488 base pairs; LW-rhodopsin, 672 base pairs; and EF1-alpha, F2 copy, 750 base pairs) and one nuclear ribosomal gene (28S, 1292 base pairs). All DNA extraction and sequencing protocols follow Danforth et al. (1999) . PCR primers and conditions for CAD, NAK, LW-rhodopsin, and 28S were identical to those listed in Table S3 from Litman et al. (2011) . For EF1-alpha, we used the forward primer HaF2for1 (5 0 GGG YAA AGG WTC CTT CAA RTA TGC 3 0 ) together with an anthidiine-specific reverse primer, F2RevAnth (5 0 AAT CAG CAG CRC CYT TCG GTG G 3 0 ). The PCR conditions for this set of primers were 45 s@94°C/45 s@58°C/1 m@72°C, run for 36 cycles; the PCR runs were preceded by 5 min at 94°C and followed by 7 min at 72°C.
Sequencing was performed at the Cornell University Life Sciences Core Laboratories Center using an Applied Biosystems 3730xl DNA analyzer and at the University of Neuchâtel using an Applied Biosystems 3500 DNA analyzer. Sequences were edited using Sequencher version 5.3 sequence analysis software (Gene Codes Corporation, 2015) . Alignments were performed using MAFFT (Katoh and Standley, 2013) and then adjusted by eye in MacClade (Maddison and Maddison, 2005) ; all introns were removed from protein-coding genes. The ribosomal gene 28S was aligned by secondary structure following Kjer (1995) , using the 28S secondary structure model of Apis mellifera (Gillespie et al., 2006) ; unalignable regions were removed. New sequence data are archived in GenBank and all DNA accession numbers are listed in Table 2 .
Test for nucleotide compositional bias
Nucleotide compositional bias has been cited as a source of error in phylogenetic reconstruction Jermiin et al., 2004; Praz and Packer, 2014) , namely by causing lineages sharing a similar bias to cluster together due to convergent evolution rather than shared ancestry (Sheffield, 2013) . RY recoding (in which each nucleotide is recoded simply as either as a purine or pyrimidine) has been proposed as a means of eliminating this bias, namely by homogenizing nucleotide frequencies among taxa (Woese et al., 1991) . In order to test for nucleotide Table 1 Taxon list, DNA voucher numbers, collection localities and dates for specimens used in this study. Voucher numbers marked with an endash (''-") indicate taxa for which sequences were downloaded from Genbank. For Genbank accession numbers, see (Swofford, 2003) , which implements a chi-square test for nucleotide heterogeneity among taxa. The test was restricted to ingroup taxa. We found the third codon position of NAK to exhibit a significant compositional bias (P < 0.001) and thus this partition was recoded (i.e. all A's and T's were replaced by G's and C's, respectively; Thomas et al., 2013) . The recoding effectively removed the bias from the partition (P = 1.00 after recoding and subsequent reanalysis in PAUP) and the recoded partition was used in all subsequent analyses. We compared this recoding method with another method in which all purines were replaced by ''0" and all pyrimidines by ''1". In both maximum likelihood and Bayesian analyses, topologies, branch lengths and node support values using this binary recoding method were highly congruent with the results of the first recoding method (differences were restricted to weakly supported nodes, which were not implicated in taxonomic changes). Only results using the first recoding method are presented.
Partitioning regime and model-testing
We used the same fourteen partitions described above (using the recoded third position of NAK) and performed a greedy search using the BIC metric in PartitionFinder v1.1.0 (Lanfear et al., 2012) to establish a partitioning regime and determine appropriate models of nucleotide substitution. We ran the analysis twice, once to find models adapted for use in RAxML and once to find models adapted for use in MrBayes. Nine partitions were suggested for RAxML ( Both the alpha parameter of the gamma distribution and 'I' (i.e. the parameter that allows for an estimation of invariant sites) account for near-zero rates of nucleotide substitution in maximum likelihood and Bayesian analyses. The inevitable correlation between these two parameters makes it impossible to optimize them independently of one another and may be a source of error in parameter estimation (Yang, 2006 and references therein; Stamatakis, 2014) . Following the remarks of Yang (2006) and Stamatakis (2014) , we excluded the 'I' parameter from all models also including the gamma distribution, despite the recommendations of PartitionFinder. Thus for all nine models cited for the RAxML analysis and all ten models cited for the MrBayes analysis, the 'I' parameter was eliminated and the gamma distribution retained.
We used the same partitions as described above in combined molecular-morphological analyses, plus an additional partition for morphological data. In RAxML analyses, the morphological partition was modeled using the multi-state option with a GTR model (-K GTR). In MrBayes, we used a Lewis model.
Phylogenetic analyses
We performed maximum likelihood phylogenetic analyses using RAxML v.8.1.11 (sequential version raxmlHPC, Stamatakis, 2006) hosted by the Cipres Science Gateway (Miller et al., 2010) . We ran 1000 bootstrap replicates using the rapid bootstrap analysis and then calculated the best-scoring maximum likelihood tree based on the original alignment for both molecular and combined molecular-morphological analyses. We also used MrBayes v.3.1.2 (Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003) , hosted by the Cornell University BRC Bioinformatics Facility, to perform Bayesian phylogenetic analyses. For molecular analyses in MrBayes, we ran six independent analyses for a total of 72 million generations; for mixed molecular-morphological analyses, we ran four independent analyses for a total of 160 million generations. We used Tracer (Rambaut et al., 2014) to evaluate stationarity and determine an appropriate burnin.
Results
Molecular analyses
Maximum likelihood and Bayesian analyses of molecular data yield well-resolved, congruent phylogenies (Figs. 1 and S1). Our results support the monophyly of Michener's Series B but his Series A is paraphyletic, with the genus Trachusa forming a strongly supported monophyletic clade, sister to the rest of Anthidiini (sister relationship supported by 100% maximum likelihood (ML) bootstrap support; 97% posterior probability). Our phylogeny Table 2 GenBank accession numbers for sequences used in this study. Taxa are labeled following our revised classification. demonstrates that anthidiine bees fall into five major suprageneric clades; given the behavioral differences exhibited by these five clades, we present them as a replacement for Michener's Series A and Series B (Table 3 ). These clades are: (1) the Trachusa group (100% ML bootstrap; 100% posterior probability); (2) the Anthidium group (100% ML bootstrap; 99% posterior probability); (3) the Anthodioctes group (100% ML bootstrap; 99% posterior probability); (4) the Dianthidium group (84% ML bootstrap; 95% posterior probability); and (5) the Stelis group (98% ML bootstrap; 100% posterior probability). The Anthidium group, which corresponds to Michener's Series B, are those anthidiines that use plant fibers in nest construction. The Trachusa, Anthodioctes, and Dianthidium groups, all included in Michener's Series A, represent those bees that use resin in nest construction (with the exception of the cleptoparasitic genera Hoplostelis and Austrostelis in the Anthodioctes group). The Stelis group, also included in Michener's Series A, is exclusively cleptoparasitic. The descriptions of two genera not included in the phylogeny, Trachusoides and Apianthidium, suggest a close phylogenetic relationship with Trachusa; in order to accommodate the likely future addition of these genera to the Trachusa group, we choose to refer to this clade as the Trachusa group (and not simply as the genus Trachusa). The genus name Hoplostelis Dominique, 1898 is the oldest in the Anthodioctes group; we prefer to name the group, however, for a genus whose behavior is representative of the group in general. For this reason, we name the group after the oldest available non-cleptoparasitic genus name in the group, Anthodioctes Holmberg, 1903.
While Michener (2007) included the genus Aspidosmia in his Series A, both molecular and morphological data refute the placement of this genus in the tribe Anthidiini (Litman et al., 2011; Gonzalez et al., 2012) . A recent paper officially removed Aspidosmia from Anthidiini and placed it in its own tribe, Aspidosmiini (Gonzalez et al., 2012) . Aspidosmia is thus excluded from our classification of Anthidiini.
The results of our phylogenetic analyses challenge the current classification of anthidiine bees, primarily because many genera and several subgenera emerge as paraphyletic. The Anthidium group includes the genera Serapista, Anthidium, Afranthidium, Pseudoanthidium, Neanthidium, Anthidioma, Indanthidium and Gnathanthidium (the last three genera represented here only by morphological data). The central and southern African genus Serapista is strongly supported as monophyletic (100% ML bootstrap support; 100% posterior probability) and is moderately well-supported as the sister clade to the rest of the Anthidium group (63% ML bootstrap; 98% posterior probability). The remaining members of the Anthidium group form three clades. One of these clades is the genus Anthidium, strongly supported as monophyletic in both ML and Bayesian analyses (100% ML bootstrap support; 100% posterior probability).
The second clade contains most but not all subgenera of the genus Afranthidium (i.e. Afranthidium, Oranthidium, Domanthidium, Capanthidium, Mesanthidium, and Nigranthidium). This clade is strongly supported in both ML and Bayesian analyses (95% ML bootstrap; 100% posterior probability). The subgenera Afranthidium (Capanthidium), Afr. (Mesanthidium), and Afr. (Nigranthidium) are paraphyletic.
The third clade contains all members of Pseudoanthidium, three subgenera of Afranthidium (Immanthidium, Branthidium and Zosteranthidium) and the genus Neanthidium. This clade is strongly supported in both ML and Bayesian analyses (96% ML bootstrap; 99% posterior probability).
The Anthodioctes group consists of the Central and South American genera Aztecanthidium, Notanthidium, Epanthidium, Anthodioctes, Hoplostelis, Austrostelis, Hypanthidium, Hypanthidioides, and Duckeanthidium; these genera form a strongly supported monophyletic clade sister to the Dianthidium group + the Stelis group. Hoplostelis is strongly supported as the sister taxon to Austrostelis in both Bayesian and ML analyses (100% ML bootstrap; 100% posterior probability); Anthodioctes (Bothranthidium) lauroi is strongly supported as the sister taxon to Hoplostelis + Austrostelis (100% ML bootstrap; 92% posterior probability). A sister-group relationship between Hypanthidium and Duckeanthidium is moderately supported in ML analyses (71% ML bootstrap) and strongly supported in Bayesian analyses (100% posterior probability). While Bayesian analyses recover highly resolved relationships for other clades in the group, ML analyses suggest that all other phylogenetic relationships within this group are unclear.
In the Dianthdium clade, the Asian genus Bathanthidium is the sister taxon to a clade consisting of the Central and North American genera Paranthidium and Dianthidium. These three genera are a strongly supported monophyletic group (96% ML bootstrap; 96% posterior probability) which is sister to a clade containing the genera Rhodanthidium, Icteranthidium, Eoanthidium, Anthidiellum, Pachyanthidium, Benanthis, Cyphanthidium and Plesianthidium (96% ML bootstrap; 100% posterior probability), all eastern hemisphere taxa with the exception of Anthidiellum, which is widespread in both hemispheres; this sister group relationship is well-supported in ML analyses (84% ML bootstrap) and strongly supported in Bayesian analyses (95% posterior probability). These eleven genera together form the Dianthidium group. The subgenus Anthidiellum (Pycnanthidium) is strongly supported as monophyletic (100% ML bootstrap; 100% posterior probability); this subgenus, together with the genera Eoanthidium and Benanthis, are well supported as monophyletic in ML analyses (87% ML bootstrap) and strongly supported in Bayesian analyses (100% posterior Stelis nasuta probability). The subgenera Pachyanthidium (Trichanthidium) and Pachyanthidium (Pachyanthidium) are each strongly supported as monophyletic, although the genus Pachyanthidium is paraphyletic. The genera Anthidiellum and Plesianthidium are also paraphyletic in both Bayesian and ML analyses. Plesianthidium (Spinanthidiellum) and all members of Pachyanthidium and Anthidiellum (with the exception of subgenus Pycnanthidium) together constitute a well-supported clade (73% ML bootstrap support; 100% posterior probability). The genus Rhodanthidium is paraphyletic in both ML and Bayesian analyses, although node support is low. The genera Stelis, Euaspis and Afrostelis form the strongly supported Stelis group. The lineages Stelis (Stelidomorpha) nasuta, Stelis (Heterostelis) ruficornis, Stelis (Heterostelis) annulata, Stelis rozeni, Afrostelis, and Euaspis form a weakly supported clade at the base of the Stelis group (51% ML bootstrap; 89% posterior probability). Stelis (Heterostelis) hurdi, Stelis (Heterostelis) anthidioides and the three species of Stelis (Dolichostelis) present in our phylogeny form a monophyletic group, sister to Stelis (Malanthidium) + Stelis (Protostelis) + Stelis (Stelis). The subgenus Stelis (Stelis) is strongly supported as monophyletic (95% ML bootstrap; 100% posterior probability), as are the subgenera Stelis (Dolichostelis) (100% ML bootstrap; 100% posterior probability) and Stelis (Malanthidium) (99% ML bootstrap; 100% posterior probability). Stelis (Heterostelis) is paraphyletic.
Combined molecular-morphological analyses
We used combined molecular-morphological analyses to tentatively place four rare genera missing from our molecular dataset. No taxonomic changes were made based on these analyses. In the absence of molecular data for these taxa, however, the use of morphological data gives an idea of the placement of these four genera in the context of a molecular-based phylogenetic backbone.
Maximum likelihood and Bayesian analyses of combined data are presented in Figs. S2 and S3. In ML analyses of combined data, Indanthidium crenulaticauda forms a polytomy with Afranthidium and Anthidium. In Bayesian analyses, combined data weakly support Indanthidium crenulaticauda as the sister group to the genus Serapista (<50% posterior probability). Anthidioma chalicodomoides is in a polytomy with the genus Anthidium in ML analyses; in Bayesian analyses, Anthidioma chalicodomoides is nested within the subgenus Anthidium (Anthidium) (59% posterior probability). In ML analyses, combined data place Gnathanthidium prionognathum in a polytomy with Pseudoanthidium (Micranthidium) and Afranthidium (Immanthidium). In Bayesian analyses, combined data weakly support Gnathanthidium prionognathum as the sister taxon to Pseudoanthidium (Micranthidium) (<50% posterior probability). Finally, Bayesian analyses of combined data weakly support the placement of Xenostelis polychroma within the subgenus Stelis (Stelis). In ML analyses of combined data, Xenostelis polychroma is weakly supported as the sister taxon to Anthidiini (<50% ML bootstrap). Griswold and Michener (1988) placed the New World subgenera Heteranthidium, Legnanthidium, Trachusomimus, and Ulanthidium into the genus Trachusa; Michener and Griswold (1994b) later added the Old World subgenera Archianthidium, Congotrachusa, Massanthidium, Metatrachusa, Orthanthidium, and Paraanthidium. The genus Trachusa thus includes eleven subgenera and is identifiable by a number of synapomorphies, including the lateral ocellus closer to the eye than to the posterior margin of the vertex (although equidistant in T. (Heteranthidium) larreae and bequaerti, and T. (Metatrachusa)) (Griswold and Michener, 1988; Michener, 2007) ; a median ocellus whose anterior margin is closer to the antennal bases than to the posterior margin of the vertex (or equidistant) (Griswold and Michener, 1988) ; foreand mid-tibial spines produced as blunt, obtuse projections that extend along the tibial surface as carinae (Griswold and Michener, 1988) ; vein cu-v of the hind wing oblique and onehalf the length of the second abscissa of M + Cu (vein cu-v oblique but less than one-half the length of M + Cu in T. (Metatrachusa)) (Michener, 2007) ; and a small male T7 curved under the abdomen so that its dorsal surface faces ventrally (Michener, 2007) .
Discussion
The Trachusa group
The position of Trachusa as sister to the rest of Anthidiini is supported by a series of characters that are plesiomorphic with respect to other anthidiines, including fine punctation and the general absence of carinae, sulci, and propodeal pits (Michener, 1948 ; but see subgenera Orthanthidium and Paraanthidium, Michener, 2007, both of which have a carinate omaulus and carinate or lamellate pronotal lobes). The six subgenera present in our phylogeny together form a strongly supported monophyletic group (Figs. 1 and S1-S3); the future addition of the remaining subgenera to our phylogeny will clarify whether the genus as it is currently defined is monophyletic.
The Anthidium group
In the genus Anthidium, our results support the recent synonymization of Anthidium (Callanthidium) with the subgenus Anthidium (Anthidium) (Gonzalez and Griswold, 2013 ): Anthidium Table 3 Revised suprageneric classification of Anthidiini based on the results of maximum likelihood and Bayesian phylogenetic analyses of molecular data. Genera included in our molecular dataset are marked in bold typeface; genera not included in our molecular dataset are marked in regular typeface and are proposed affiliations. Each genus is marked with either an ''A" or a ''B", indicating whether they belong to Michener's Series A or Series B (2000 . Based on the results of prior studies, we have omitted the genus Aspidosmia from Anthidiini.
Trachusa group
Anthidium group Anthodioctes group Dianthidium group Stelis group
illustre, formerly placed in the subgenus Callanthidium, is clearly nested within the subgenus Anthidium.
In the Afranthidium clade, the subgenera Afr. (Capanthidium), Afr. (Mesanthidium), and Afr. (Nigranthidium) are all paraphyletic (Figs. 1 and S1-S3). Michener (2007) may have unintentionally predicted the paraphyly of Afr. (Capanthidium), when he described the marked differences in male genitalia within the subgenus as either ''parallel-sided" (as in Afr. capicola) or ''paddle-shaped" (as in Afr. rubellulum). Afranthidium (Capanthidium) capicola is strongly supported as the sister taxon to a clade consisting of Afr. (Mesanthidium) carduele, Afr. (Mesanthidium) alternans and Afr. (Capanthidium) schulthessi; Afr. (Capanthidium) rubellulum, on the other hand is more closely related to Afr. (Nigranthidium) sp. nov. 1. Furthermore, Afr. (Capanthidium) poecilodontum, described as ''anomalous" by Michener (2007) due to distinctive wing venation shared with Afr. (Nigranthidium) concolor, is strongly supported as the sister taxon to Afr. (Nigranthidium) sp. A simple solution would be to synonymize Afr. (Capanthidium), Afr. (Mesanthidium), and Afr. (Nigranthidium). We prefer, however, to defer a final decision regarding these subgenera until further taxa may be included in the phylogeny and a more informed taxonomic decision may be made.
Combined molecular-morphological data place three genera represented only by morphological data within the Anthidium group (Figs. S2 and S3). Michener (2007) likened Gnathanthidium prionognathum to the subgenus Pseudoanthidium (Micranthidium), based on the almost lamellate preoccipital ridge, pronotal lobe, omaulus, and scutellar truncation, the absence of lateral teeth on male T6 and T7, and the bilobed male T7. Our results indeed suggest a close relationship between the genus Gnathanthidium and the subgenera P. (Micranthidium) and P. (Immanthidium).
Indanthidium crenulaticauda exhibits a suite of characters that makes it difficult to assess its phylogenetic affinities based on morphological data alone. Like the genus Anthidium, its yellow tergal bands are divided into four spots each, yet it differs from Anthidium in the punctation and shape of the depressed marginal zone in the male T5 (Michener and Griswold, 1994b) . Indanthidium has arcuate subantennal sutures, as does the genus Pseudoanthidium; unlike Pseudoanthidium, however, males lack combs on S1-S6 (Michener and Griswold, 1994b) . Indanthidium is unique in the shape of the male T7 and in its one-segmented maxillary palpi (Michener and Griswold, 1994b) . Maximum likelihood analyses of combined data place Indanthidium in a polytomy with the genera Anthidium and Afranthidium (Fig. S2) , while Bayesian analyses place it as the sister taxon to the genus Serapista (Fig. S3) . The actual phylogenetic position of Indanthidium may only be revealed upon the addition of genetic data.
The genus Anthidioma is a rare, southern African bee lacking the carinae and maculations found in most anthidiines and known only from female specimens. While certain morphological characters are shared between Anthidioma, Afranthidium (Afranthidium) and Afranthidium (Oranthidium) (Michener, 2007) , our analyses suggest a closer phylogenetic relationship between Anthidioma and the genus Anthidium (Figs. S2 and S3 ). Determining the phylogenetic position of Anthidioma may be facilitated by an evaluation of male morphological characters, thus far unknown, as well as the addition of genetic data.
The Anthodioctes group
The majority of the Anthodioctes group are notable for the presence of juxtantennal carinae (only absent in Hypanthidium, Notanthidium, and Aztecanthidium) and postspiracular pits on the propodeum (only absent in Notanthidium, and Aztecanthidium), characters rare elsewhere in Anthidiini. Juxtantennal carinae are absent in the Trachusa and Anthidium groups, rare in the Dianthidium group (only some Dianthidium and Eoanthidium), and found only in Euaspis and Larinostelis in the Stelis group; postspiracular pits are likewise absent in the Trachusa and Anthidium groups, present only in Bathanthidium and some Anthidiellum in the Dianthidium group and occur sporadically in the Stelis group: all Afrostelis, Euaspis, Larinostelis, S. rozeni, S. Relationships in the Anthodioctes group are generally weakly supported, with the exception of the clade consisting of (Hoplostelis + Austrostelis) + Anthodioctes (Bothranthidium). Hoplostelis was originally proposed by Pérez as a subgenus of Stelis (see Griswold and Michener, 1988) but has long been recognized as a distinct genus (Griswold and Michener, 1988) ; it differs from New World Stelis by the presence of distinct foveae between the scutum and scutellum, the short, transverse scutellum, the presence of a single spine on fore-and mid-tibiae, the apicolateral tooth of the male sixth sternite, and the quadridentate female mandible (Griswold and Michener, 1988) . Hoplostelis also lacks the distinctive clubbed gonostylus of male Stelis (Griswold and Michener, 1988) . Our results clearly indicate the monophyly of the clade Hoplostelis + Austrostelis and thus strongly support two independent origins of cleptoparasitism in Anthidiini, one in the Hoplostelis + Austrostelis clade and the second in the Stelis clade (Figs. 1 and S1-S3).
The genus Austrostelis was originally recognized as a subgenus of Hoplostelis (Michener and Griswold, 1994a) ; the presence, however, of unique morphological characters which clearly distinguish it from other members of Hoplostelis, including the sparse punctation of T1 and T6, the elongate body form, and the unmodified female mandible, have caused it to be recognized as a unique genus (Michener, 2007) . Although our analyses support the possibility that Austrostelis and Hoplostelis are two distinct genera, only the inclusion of other species from both genera will clarify whether the genera are reciprocally monophyletic.
While the majority of the Anthodioctes group are nest-building bees, both Hoplostelis and Austrostelis are cleptoparasites. Hosts of Hoplostelis are bees of the tribe Euglossini, while hosts of Austrostelis catamarcensis include Epanthidium tigrinum (Zanella and Ferreira, 2005) and, possibly, members of the genus Hypanthidioides (Michener and Griswold, 1994a) . While the cleptoparasitic strategy of Austrostelis is not known, adult female Hoplostelis invade nest cells that have already been closed by the host and then kill the host's larvae; the cleptoparasitic larvae develop on the pollen collected by the host bee for her own offspring (Bennett, 1966) . Given the preference of both Austrostelis and Hoplostelis for resin-nesting hosts, the affinity of cleptoparasites of closed host nests for closely related hosts (Litman et al., 2013 and references therein), and the close phylogenetic relationship between Austrostelis, Hoplostelis and the subgenus Anthodioctes (Bothranthidium) lauroi, we predict that Anthodioctes (Bothranthidium) may eventually be revealed as a host for other species of Austrostelis.
Two nest-building genera, Notanthidium and Anthodioctes, are revealed as paraphyletic, although node support values, especially in the case of Notanthidium, are weak. If the addition of further data indeed supports the paraphyly of these genera, it may be more appropriate to recognize current subgenera (as per Michener, 2007) as genera, as proposed by Urban and Moure (2012) .
The Dianthidium group
The subgenus Dianthidium (Mecanthidium) was originally described in the genus Paranthidium (Michener, 1942) . Although Michener (1942) did not specify the characters that he felt allied the subgenus Mecanthidium with the genus Paranthidium, his 1948 key grouped together the members of Paranthidium based on the structure of the apical margin of the female mandible and the shape of the male T7 (Michener, 1948) . Griswold and Michener (1988) later moved Mecanthidium into the genus Dianthidium, due to the tridentate mandible shared between the subgenus Mecanthidium and the rest of the genus Dianthidium, and in contrast to the quadridentate mandible of Paranthidium (Griswold and Michener, 1988) . Our results strongly support the sister relationship between Dianthidium and Paranthidium and confirm the phylogenetic affinity of the subgenus Mecanthidium with the genus Dianthidium. Although Michener (2007) suggests that Bathanthidium (Manthidium) may be more appropriately placed in the subgenus Anthidiellum (Ranthidiellum), our results confirm a close phylogenetic relationship between Bathanthidium, Paranthidium, and Dianthidium.
Branch support is low in the rest of the Dianthidium group and paraphyly is rife, revealing an incoherence between existing anthidiine classification (as per Michener, 2007) and the underlying phylogenetic relationships among taxa. The genus Plesianthidium emerges in two distinct clades, Plesianthidium (Spinanthidiellum) and (Plesianthidium (Spinanthidium) + Plesianthidium (Carinanthidium)), although the latter clade is only moderately well-supported in maximum likelihood analyses (Figs. 1 and S1-S3). Plesianthidium (Spinanthidiellum) exhibits certain morphological characters that distinguish it from other subgenera of Plesianthidium, including a carinate preoccipital ridge, an angled scutellum and a weakly trifid T7. It is thus perhaps unsurprising that Plesianthidium (Spinanthidiellum) forms a monophyletic group not closely related to the other subgenera of Plesianthidium present in our phylogeny.
Examination of the clade Pachyanthidium + Anthidiellum (minus Pycnanthidium) + Plesianthidium (Spinanthidiellum) reveals a number of shared morphological characters. All have a very short mesepisternum ventrally, a broadly rectangular scutellum with a truncate posterior margin and a lamellate preoccipital margin (except carinate in Anthidiellum s. str.), characters not found in other members of the Dianthidium group. In addition, the omaulus is complete (not interrupted ventrally) in all but Spinanthidiellum and the pronotal lobe is lamellate (except carinate in Spinanthidiellum); among related taxa, these characters are found only in some Anthidiellum (Pycnanthidium). The wide, thin heads with narrow genae are distinctive. Members of this clade could be combined within the genus Anthidiellum with recognition of all subgenera represented in the clade. In this case, however, the status of several rare tropical Asian subgenera presently in Anthidiellum would remain unclear, as they do not share the combination of characters outlined above.
The Stelis group
This exclusively cleptoparasitic group encompasses the greatest diversity in integumental coloration of any of the groups. Background color ranges from black to red to metallic blue or green, with or without white to yellow to red markings. It also has the greatest diversity in the shape of the female sixth tergum and sternum. Structures often appear patterned after their host. For example, Stelis (Heterostelis) has an expanded mid tibia, as does its host, Trachusa. Stelis (Dolichostelis) is slender and elongate like its host, Megachile (Chelostomoides), likely an adaptation to the stemnesting habit of M. (Chelostomoides). Stelis (Protostelis) has a pattern of yellow maculations, laterally expanded axillae and the broad scutellum of its host, Anthidiellum s. str.; and S. (S.) montana and related species are the solid blue-green of their hosts, Osmia.
Our results confirm that the cleptoparasitic genera Stelis, Afrostelis, and Euaspis together form a strongly supported monophyletic clade (Litman et al., 2013) . The weakly supported phylogenetic position of Afrostelis and Euaspis within the genus Stelis, however, makes it unclear whether one or both of these genera render the genus Stelis paraphyletic (either genus could be nested within the Stelis-clade or, alternatively, could represent the sister group to the rest of the clade).
The genus Afrostelis is morphologically distinct from Stelis in its highly modified thorax and unique male genitalia (Cockerell, 1931; Michener and Griswold, 1994b) . Like Stelis, however, it exhibits two apical spines on its fore-and mid-tibiae and some have theorized that Afrostelis may be a specialized derivative of Stelis (Michener and Griswold, 1994b) . The genitalia of male Euaspis differ from those of Stelis: although the male gonostylus is slender at the base (as in Stelis), the distal end of the gonostylus is rounded and flattened (Viereck, 1924) , rather than angulate and broadened, as in Stelis. Like Stelis, however, Euaspis has two apical spines on its fore-and mid-tibiae. Michener (2007) proposed a possible derivation of Euaspis from a ''Pachyanthidium-like ancestor" and suggested that morphological similarities between Euaspis and Stelis were possible convergences due to a shared cleptoparasitic lifestyle.
Our results confirm the close phylogenetic relationship between Afrostelis, Euaspis, and Stelis and suggest that Afrostelis and Euaspis may well be derived from within Stelis. In this case, both genera may eventually be assigned subgeneric rank within the genus Stelis. Given, however, the uncertain phylogenetic position of Euaspis and Afrostelis with regard to Stelis, as well as the unique suite of morphological characters exhibited by each of these taxa, we prefer for the present to recognize three distinct genera, as per Michener (2007) .
The taxonomic assignment of Stelis rozeni to the genus Stelis was described as ''provisional" by Griswold and Parker (2003) , based on the numerous morphological differences between S. rozeni and other members of the genus, the difficulty associated with its assignment to subgenus, and the fact that males of the species were then unknown. A male has subsequently been found; the genitalia are unlike those of Afrostelis, Euaspis and other Stelis (T. Griswold, personal communication). Our results soundly confirm the affinity of Stelis rozeni with the Stelis clade; like Euaspis and Afrostelis, however, Stelis rozeni may either be nested within the Stelis clade or sister to the rest of the clade. For the moment, we maintain its assignment to the genus Stelis, although future clarification of phylogenetic relationships at the base of the Stelis clade may eventually support placement in another genus.
Despite the paraphyly of the subgenus Stelis (Heterostelis), all known host associations are with the resin-nesting genus Trachusa: Stelis annulata on Trachusa (Paraanthidium) interrupta (Amiet et al., 2004) , Stelis gigantea on Trachusa (Archianthidium) pubescens (suspected association, Warncke, 1992) , Stelis hurdi on Trachusa (Trachusomimus) perdita (Thorp, 1966) , Stelis anthidioides on Trachusa (Heteranthidium) timberlakei (Timberlake, 1941) and Stelis manni on Trachusa (Ulanthidium) manni (suspected association, Thorp, 1966) . Furthermore, both Old and New World members of Stelis (Heterostelis) belong to early-branching clades in the Stelis group where almost all known host associations are with resin-nesting bees. Old World Stelis (Heterostelis) are found in the same clade with Afrostelis, a parasite of Heriades (Taylor, 1965) , and Euaspis, a parasite of resin-nesting Megachile (Iwata, 1976) . New World Stelis (Heterostelis) are in the same clade as Stelis (Dolichostelis), also parasites of resin-nesting Megachile (Krombein, 1967; Parker et al., 1987) . Stelis (Protostelis) signata, sister to the subgenus Stelis (Stelis), also exclusively favors a resin-nesting host, Anthidiellum strigatum (Müller et al., 1997) . Given the paraphyly of Stelis (Heterostelis) and the phylogenetic placement of members of this subgenus, as well as the apparent preference of early branching lineages of the Stelis group for resinnesting hosts, the preference of Trachusa as a host in both Old and New World species of Stelis (Heterostelis) most likely reflects an ancestral preference of the Stelis group for resin-nesting hosts. A revision of the subgenus Stelis (Heterostelis) is needed.
Xenostelis polychroma is known from a single female specimen collected on the island of Socotra. Bayesian analyses of combined data place Xenostelis within the subgenus Stelis (Stelis), while maximum likelihood analyses place Xenostelis as sister to the rest of Anthidiini; the latter placement is likely the result of male characters that are unknown and thus uncoded in the morphological matrix. Xenostelis exhibits two apical spines on fore-and midtibiae, as does Stelis; the enlarged tegulae of Xenostelis, however, are similar to those of Afrostelis. Michener (2007) speculates that Xenostelis may in fact be a synonym or a subgenus of Afrostelis. While we can neither confirm nor refute this hypothesis, we believe that Xenostelis is a close relative of the Stelis group. Morphology of the male genitalia, as well as the addition of DNA sequence data, will be fundamental to understanding the phylogenetic placement of Xenostelis.
Generic level revision of the Anthidium group
The phylogenetic hypothesis presented here not only clarifies evolutionary relationships among anthidiine bees but also serves as a framework on which to base an improved classification of the tribe. While a revision of the generic-level classification of the Anthodioctes and Dianthidium groups is much-needed, a combination of missing subgenera, particularly in the Anthodioctes group, and weak node support prevent us from proposing such a revision in the present paper. We focus instead on a generic level revision of the Anthidium group, a monophyletic group for which we have excellent taxon sampling and in which consistently high internal node support allows us to propose a classification system based on a strongly-supported phylogenetic backbone.
A recent paper outlined a series of priority criteria for taxonomic revisions, among them monophyly, clade stability, and phenotypic diagnosability (Vences et al., 2013) . We used these criteria as guidelines for a revised classification and considered the following three options for our revision of the Anthidium group:
1. Placement of the entire Anthidium group in the genus Anthidium
In this scenario, current genera in the Anthidium group would become subgenera of the genus Anthidium. This option, however, clearly groups together radically different forms. While Michener (2007) argues that maintaining extremely large, diverse genera such as Andrena, Lasioglossum and Megachile makes it easier for biologists to recognize taxa, other authors prefer to divide such large genera into multiple, smaller genera (e.g. Mitchell (1960) , Hurd (1979) , Moure and Hurd (1987) for Lasioglossum; Mitchell (1980) for Megachile; Urban and Moure (2012) for anthidiine genera; and Moure et al. (2012) for paracolletine genera).
Maintenance of the genus Serapista and placement of other species into the genus Anthidium
The four species in the genus Serapista are distributed throughout most of sub-Saharan Africa (Michener, 2007) . Morphologically, they are dramatically different from other species of wool carder bees, characterized by their dark integument marked by patches of white appressed squamose pubescence. In this classification system, Serapista would remain a unique genus, while the remaining species of the Anthidium group would be placed in the genus Anthidium. This option, however, also creates a hugely diverse genus Anthidium, evoking the same issues as the first option.
3. Maintenance of the system proposed by Michener (2007) , incorporating changes in light of new phylogenetic results Michener (2007) divides the Anthidium group into eight genera: Anthidioma, Afranthidium, Anthidium, Gnathanthidium, Indanthidium, Neanthidium, Pseudoanthidium, and Serapista. According to our results, multiple subgenera of Afranthidium and the genera Neanthidium and Gnathanthidium would be moved into the genus Pseudoanthidium. The genera Anthidium and Serapista would remain unchanged. Two genera of uncertain taxonomic affinity, Anthidioma and Indanthidium, would maintain their generic-level status until (and if) future studies suggest otherwise.
A fourth possibility was the system proposed by Pasteels (1969) . Pasteels (1969) divided the Old World members of the Anthidium group into nineteen genera (and this system only includes the Old World taxa described up until 1969). Although Pasteels' classification proposes genera that are generally supported as monophyletic by our results, it creates large numbers of very small genera that are only minimally different from one another, calling into question their utility. We thus excluded this classification from consideration.
Of the three options considered, only the third option takes an existing classification in widespread use (Michener, 2007) and implements only as many changes as necessary to ensure the monophyly of all genera. The decision to represent taxonomic diversity at the generic level or the sub-generic level is clearly subjective. We prefer the third option because it places species into genera that reflect the diversity of the species therein, without creating large numbers of needlessly small genera. We thus retain the classification system proposed by Michener (2007) and hereby make the following changes.
We move the subgenera Afranthidium (Zosteranthidium), Afranthidium (Branthidium), Afranthidium (Immanthidium) and the genus Neanthidium into the genus Pseudoanthidium. These form the new combinations Pseudoanthidium (Zosteranthidium), P. (Branthidium), P. (Immanthidium) and P. (Neanthidium). Interestingly, the genus Afranthidium comes out twice in the key to Old World genera of Anthidiini (Michener and Griswold, 1994b; Michener, 2007) . The subgenera that correspond to the second occurrence of Afranthidium in the key are those in which the premarginal zone is not depressed and the punctation of this zone is not finer than the basal zone. These subgenera are here assigned to Pseudoanthidium. Based on the morphological traits associated with our new definition of Pseudoanthidium (outlined below), we also include the genus Gnathanthidium and the subgenus Afranthidium (Mesanthidiellum) in Pseudoanthidium. These form the new combinations Pseudoanthidium (Gnathanthidium) and P. (Mesanthidiellum).
The genus Afranthidium, as now defined, thus includes the subgenera Afranthidium, Capanthidium, Domanthidium, Mesanthidium, Nigranthidium, Oranthidium and Xenanthidium. The genus Pseudoanthidium now includes the subgenera Branthidium, Exanthidium, Gnathanthidium, Immanthidium, Mesanthidiellum, Micranthidium, Neanthidium, Pseudoanthidium, Royanthidium, Semicarinella, Tuberanthidium and Zosteranthidium.
With its expanded diversity, 60 described species in twelve subgenera plus numerous undescribed species, it is not surprising that universal characters distinguishing Pseudoanthidium from Afranthidium are not abundant. Nevertheless, a suite of characters not or rarely found in Afranthidium, as here redefined, does exist for Pseudoanthidium: punctation of terga similar in diameter and density across the surface, without distinct apical depressed zone; apical margins of terga broadly impunctate (several puncture widths) (except Royanthidium); pronotal lobe at least narrowly lamellate (except Zosteranthidium, Immanthidium; also occurs in Afranthidium subgenus Mesanthidium); hind tibia tuberculate (except Micranthidium, Immanthidium, Zosteranthidium); propodeum shagreened (except Micranthidium, Immanthidium, Pseudoanthidium, Royanthidium, Exanthidium, some Branthidium); male sixth tergite without lateral spine (except some Exanthidium); male seventh tergite emarginate medially (except some Micranthidium and Pseudoanthidium; also occurs in Afranthidium subgenus Nigranthidium); male third sternum with modified hairs (except Royanthidium, Mesanthidiellum, Gnathanthidium, Branthidium); female clypeal apical margin covered with dense pubescence (except Micranthidium, Zosteranthidium, Immanthidium, Royanthidium, Exanthidium). As now constituted, Pseudoanthidium typically has a blocky head and rather circular metasoma in cross-section.
The newly constrained Afranthidium is now recognized by the depressed, densely and more finely punctate apical zone of the terga, the generally more flat metasoma in cross-section, and the presence of a lateral spine on the sixth tergite of the male.
No changes are made to the genera Serapista, Anthidium, Anthidioma, or Indanthidium.
The evolution of morphological characters -implications for classification
Many characters appear in multiple anthidiine genera and subgenera, apparently without phylogenetic pattern. Males from diverse genera, for example, exhibit apical marginal combs on sternites three, four or five. Such combs are present in genera from all five suprageneric anthidiine groups, including members of Trachusa (on S4 and S5, depending on subgenera), Pseudoanthidium (on S5 in Pseudoanthidium (Pseudoanthidium) and P. (Royanthidium)), Pachyanthidium (on S4 and S5), Hypanthidioides (S3 and S5, depending on subgenus), Plesianthidium (S4 and S5, depending on subgenus), Bathanthidium (S4 and S5, depending on subgenus), Dianthidium (S5), Paranthidium (S4, S5 and sometimes S3), Notanthidium (S4), and Stelis (S4); sternal combs are absent in other members of many of these genera, including Trachusa, Pseudoanthidium, Plesianthidium, Dianthidium, Paranthidium, Notanthidium, and Hypanthidioides, and in all Afranthidium, Anthidium, Eoanthidium, Duckeanthidium, Cyphanthidium, Epanthidium, Hypanthidium and Anthodioctes. The appearance of sternal combs not only varies within genera but also within species: male Trachusa (Heteranthidium) occidentalis have been found both with and without combs on the fourth sternum (Brooks and Griswold, 1988) .
Other characters that appear in diverse lineages are a strongly carinate or lamellate omaulus, seen in Anthidiellum, Pachyanthidium, Pseudoanthidium (Micranthidium and Gnathanthidium), Anthidium (Severanthidium and Gulanthidium); juxtantennal carinae, seen in most Anthodioctes group genera plus Eoanthidium, Epanthidium, Euaspis and Larinostelis; and a complete or partial preoccipital carina, seen in Afranthidium (Mesanthidiellum), Anthidium (subgenera Severanthidium and Turkanthidium), Aztecanthidium, Anthodioctes, Afrostelis, Euaspis, Gnathanthidium, Icteranthidium, Pachyanthidium, Plesianthidium (Spinanthidiellum), and various subgenera of Pseudoanthidium and Anthidiellum. Omaular and preoccipital carinae occur sporadically in other bees; omaular carinae are found in members of Colletidae, non-anthidiine Megachilidae and Apidae, while juxtantennal carinae are found in non-anthidiine Megachilidae. These various carinae have likely evolved in parallel and may serve to protect vulnerable areas of the body, such as the neck and antennal bases (Michener, 2007) .
Such traits have either evolved multiple times in parallel or are plesiomorphies that have been lost in multiple lineages within the tribe Anthidiini. While potentially useful for the diagnosis of taxonomic groups, they are not appropriate for the character-based definition of groups. The historical use of such characters to define anthidiine taxa may at least partially explain the lack of coherence between our phylogeny and the current classification. We thus strongly recommend the use of a robust, molecular-based phylogenetic backbone for the definition of taxonomic groups, followed by a subsequent decision regarding which morphological characters are appropriate for the diagnosis of these groups.
Mandibular morphology and nesting behavior
A correlation has long been suggested between nest-building material and anthidiine mandibular dentition (Perez, 1879 (Perez, , 1889 Pasteels, 1977) . Female anthidiines building nests of resin, including the Trachusa, Anthodioctes, and Dianthidium groups, have three or four blunt mandibular teeth separated by shallow concavities that they use to collect chunks of resin. In contrast, female anthidiines using plant fibers in nest construction, such as those in the Anthidium group, have five or more sharp teeth separated by V-shaped notches (Michener, 2007) .
The theory that mandibles exhibiting many, sharp teeth are adapted to harvesting fibers from plants may be supported by the unusual nesting behavior of some members of the genera Rhodanthidium and Pachyanthidium, both members of the Dianthidium group. The nest cells of Rhodanthidium (Asianthidium) caturigense are built of two distinct layers: an outer layer woven of plant fibers and an inner layer built of resin (Pasteels, 1977) . While most female members of the genus Rhodanthidium do not include plant fibers in their nests and exhibit extremely reduced dentition, amounting to little more than a straight margin on the mandible, R. caturigense has four distinct mandibular teeth separated by V-shaped notches.
Members of the subgenus Pachyanthidium (Pachyanthidium) build nest cells of resin mixed together with plant fibers (Michener, 1968; Gueinzius, 1858) . While other subgenera of Pachyanthidium exhibit mandibular dentition similar to that of other resin-nesting anthidiines, members of the subgenus Pachyanthidium exhibit mandibular dentition consistent with that of plant fiber-nesting anthidiines. Thus the dentition seen in both R. caturigense and members of the subgenus Pachyanthidium, unique among members of the Dianthidium group and among resin-nesting anthidiines in general, support the theory that mandibles with multiple, sharp teeth are an adaptation for the manipulation of plant fibers. The phylogenetic position of these two species, nested deeply within the Dianthidium group and not closely related to one another, may imply that the combination of including plant fibers in nest construction and mandibles with multiple, sharp teeth are either a convergence shared with members of the Anthidium group, or a plesiomorphy retained from an early common ancestor of the Anthidium, Anthodioctes, and Dianthidium groups.
